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METHODS AND JOINTS FOR WELDING
SHEETS OF DISSIMILAR MATERIALS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Provisional Applica-
tion No. 62/371,565 filed on Aug. 5, 2016, which 1s hereby
incorporated by reference 1n 1ts entirety.

BACKGROUND

The subject matter disclosed herein relates to methods and
corresponding joints for welding sheets of dissimilar mate-
rials or alloys.

Friction stir welding 1s commonly understood as a process
to join multiple aluminum workpieces or sheets together.
Friction stir welding carries out joining of superimposed
sheets by strongly pressing a cylindrical tool having a
projection at the tip against the superimposed sheets while
rotating the tool, and making an area around the joint part
plastically flow and be stirred by means of the rotational
force of the tool while making the projection of the tool
penetrate 1into the sheets and generating frictional heat. This
heat i turn melts, fuses, or welds the sheets together.
Friction stir welding 1s widely used 1n various industries that
utilize aluminum workpieces or sheets. For example, friction
stir welding may be used to manufacture automobiles.

Using certain traditional friction stir welding technologies
and methodologies, welding an aluminum sheet together
with a sheet of a different material, for example, a sheet of
steel, may be diflicult to achieve. Current attempts to use
traditional resistive spot welding technologies in such appli-
cations have led to stress corrosion cracking and have
yielded welds that are not suitable for structural use (e.g., to
hold panels or pieces together with welds strong enough to,
for example, pass crash-test requirements). Consequently,
there remains a need 1n the art for a process to join sheets of
dissimilar materials, such as, aluminum and steel.

SUMMARY

This summary 1s provided to introduce a selection of
concepts 1 a simplified form that are further described
below 1n the DETAILED DESCRIPTION. This summary 1s
not intended to i1dentily key features of the claimed subject
matter, nor 1s 1t intended to be used as an aid 1n determining,
the scope of the claimed subject matter.

According to one aspect of the present disclosure, a
method of performing welding 1s provided. The method
includes applying a current to a stack of sheets to resistively
spot weld a first sheet of the stack of sheets to a second sheet
of the stack of sheets, where the second sheet includes at
least one cut out section. The method also includes placing
at least one metal foil on a first side of a third sheet of the
stack of sheets. The method further includes vaporizing the
at least one metal foil to project at least one portion of the
third sheet through the at least one cut out section of the
second sheet to the first sheet to form a weld.

In another aspect of the present disclosure, a method of
performing welding 1s provided. The method 1ncludes clad-
ding a first sheet of a stack of sheets with a transition
material. The method also includes raising at least a portion
ol a second sheet of the stack of sheets at an angle, where
the at least one raised portion extends upwardly from an
edge of the second sheet. The method further includes
placing at least one metal fo1l on the at least one raised
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2

portion of the second sheet. And, the method includes
vaporizing the at least one metal foil to project the at least
one raised portion of the second sheet onto the first sheet.

In a further aspect of the present disclosure, a method of
performing welding 1s provided. The method includes
applying a current to a stack of sheets to resistively spot
weld a first sheet of the stack of sheets to a second sheet of
the stack of sheets, where the second sheet includes at least
one cut out section. The method also includes placing at least
one metal foil on a first side of a third sheet of the stack of
sheets, where the third sheet 1s clad with a transition
material. And, the method further includes vaporizing the at
least one metal fo1l to project at least one portion of the third
sheet through the at least one cut out section of the second
sheet to the first sheet to form a weld.

In another aspect of the present disclosure, a vaporized
fo1l actuator welding (VFAW) part 1s provided. The part
includes a first sheet of a stack of sheets resistively spot
welded to a second sheet of the stack of sheets at a plurality
of weld spots, where the second sheet includes a plurality of
cut out sections. The part also includes a third sheet of the
stack of sheets welded to the first sheet through the plurality
of cut out sections. An alternation of the weld spots and
welds 1n the plurality of cut out sections form a mechanical
interlock.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed to be characteristic of aspects
of the disclosure are set forth in the appended claims. In the
descriptions that follow, like parts are marked throughout the
specification and drawings with the same numerals, respec-
tively. The drawing figures are not necessarily drawn to
scale and certain figures may be shown in exaggerated or
generalized form in the interest of clarity and conciseness.
The disclosure itself, however, as well as a preferred mode
ol use, further objects and advances thereot, will be best
understood by reference to the following detailed descrip-
tion of 1illustrative aspects of the disclosure when read in
conjunction with the accompanying drawings, wherein:

FIG. 1 1llustrates an exemplary vehicle side body part
structure 1n accordance with various aspects;

FIG. 2 illustrates an exemplary stack of sheets of different
materials to be welded together 1n accordance with various
aspects;

FIG. 3 1llustrates an exemplary process flow diagram of a
method for welding in accordance with various aspects.

FIG. 4 1llustrates an exemplary result of a welding process
in accordance with various aspects;

FIG. 5 illustrates an exemplary process flow diagram of a
method for vaporizing foil actuator welding (VFAW) 1n
accordance with various aspects; and

FIG. 6 1llustrates an exemplary VFAW welding process 1n
accordance with various aspects.

DETAILED DESCRIPTION

Generally described, the present disclosure provides a
method for welding a stack of sheets having a plurality of
sheets of different materials. In an aspect, the stack of sheets
includes an aluminum sheet and a galvanneal steel sheet. In
an aspect, the method may include resistively spot welding
the galvanneal sheet to a hot-stamped steel sheet placed
between the aluminum sheet and the galvanneal sheet, the
sheet of hot-stamped steel including stress relief sections.
The method may further include placing a metal fo1l on the
aluminum sheet and vaporizing the metal foil to project
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portions of the aluminum sheet through the stress relief
sections of the hot-stamped steel sheet to weld the portions
of the aluminum sheet to the galvamzed steel sheet. In
another aspect, a method may include placing the metal foil
on a raised portion of the aluminum sheet and projecting the
raised portion of the aluminum onto the galvanneal steel
sheet without using a spacer (e.g., hot-stamped steel sheet)
between the aluminum sheet and the galvanneal steel sheet.

Referring now to the figures, FIG. 1 1llustrates an exem-
plary vehicle side body part structure 100. As shown in FIG.
1, a vehicle body side part structure 100 may include a side
s1ll 13 extending longitudinally along an outer side of a
vehicle body (not shown). The side sill 13 may include a side
s1ll mner panel 23 forming an 1nner side surface of a vehicle
cabin and a side sill outer panel 31 joined to an outside-cabin
side of the side sill inner panel 23. The side sill inner panel
23 may further include a sill inner panel upper flange 27, and
the side sill outer panel 31 may further include a sill outer
panel flange 35.

In an aspect, the side sill imnner panel 23 and the side sill
outer panel 31 may be sheets of diflerent materials. For
example, the side sill inner panel 23 may be a sheet of
aluminum and the side sill outer panel 31 may be a sheet of
steel. However, 1n accordance with aspects presented herein,
the side sill inner panel 23 and the side sill outer panel 31
may be joined by welding tlanges 27, 35 of the panels 23, 31
together. It 1s to be appreciated that the aspects presented
herein may also be applied to jo1n other panels of the vehicle
body. For example, the aspects presented herein may also be
applied to weld a front pillar 14, center pillar (not shown),
and/or rear pillar (not shown) of the vehicle body.

Referring to FIG. 2, an exemplary stack of sheets 210
(e.g., flanges) of different materials 1s shown 1n accordance
with various aspects. In an aspect, the stack of sheets 210
may include at least three individual sheets of diflerent
materials. For example, 1n an aspect, the stack of sheets 210
may include a sheet of galvanneal steel 212 (for example,
JAC270 steel or JSCI980 steel) defining a first side of the
stack of sheets, a sheet of hot-stamped steel 214 (for
example, USIBOR® 1500P steel and/or 22MnB5 steel)
adjacent to the sheet of galvanneal steel 212, and a sheet of
aluminum or aluminum alloy 216 (for example, Aluminum
7075 or Aluminum alloy A2024) adjacent to the sheet of
hot-stamped steel 214 and defining a second side of the stack
of sheets 210. In various aspects, an aluminum silicate
(AlS1) coating of the hot-stamped steel 214 or a zinc (Zn)
coating of the galvanneal steel 212 may be removed to
improve a weld between the hot-stamped steel 214, galva-
nneal steel 212, and/or the sheet of aluminum or aluminum
alloy 216. For example, the AlS1 coating of the hot-stamped
steel 214 or the Zn coating of the galvanneal steel 212 may
be removed mechanically by, for example, laser ablation.
Alternatively, or additionally, aluminum or aluminum alloy
216 may be clad with a transition material, such as Alum
1100, to improve a weld between the hot-stamped steel 214,
galvanneal steel 212, and/or the sheet of aluminum or
aluminum alloy 216.

Though three individual sheets are illustrated and
described herein, these teachings may be readily applied to
stacks of sheets having more than three individual sheets,
including four sheets, five sheets, six sheets, or an even
higher or lower number of sheets.

In an aspect, a plurality of sections of the sheet of
hot-stamped steel 214 may be cut out from the edge of the
sheet 214 1n order to lighten and/or provide a provision for
a standofl/gap 1n order to facilitate improved weld quality.
For example, 1in an aspect, a plurality of relief sections (e.g.,
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4

two relief sections 222a, 222b) may be cut from an edge of
the sheet of hot-stamped steel 214. In an aspect, the cut out
sections 222a, 222b may be, for example, semi-circular cuts.

Referring to FIG. 3, a method 300 for welding stack of
sheets of diflerent materials 1s described according to vari-
ous aspects. FIG. 3 will be described with reference to the
components of FIG. 2. In an aspect, method 300 may
include, at block 302, removing an aluminum silicate (AlS1)
coating of the hot-stamped steel 214 or a zinc (Zn) coating
of the galvanneal steel 212. For example, the AlS1 coating of
the hot-stamped steel 214 or the Zn coating of the galvanneal
steel 212 may be removed mechanically by, for example,
laser ablation. Alternatively, or additionally, at block 302,
method 300 may include cladding the aluminum or alumi-
num alloy 216 may with a transition material. In an aspect,
method 300 may include, at block 304, applying a current to
a stack of sheets to resistively spot weld (RSW) a first sheet
to a second sheet. In an aspect, the sheet of galvanneal steel
212 may be resistively spot welded to the sheet of hot-
stamped steel 214 by applying the current to an outer surface
of the sheet of galvanneal steel 212 at a plurality of spots. In
an aspect, the sheet of galvannel steel 212 may be resistively
spot welded to the sheet of hot-stamped steel 214 at each
spot 224 adjacent to or between the plurality of relief
sections 222a, 222b of the sheet of hot-stamped steel 214.
For example, 1n an aspect, an inner surface of the sheet of
galvanneal steel 212 may be resistively spot welded to a
surface of the sheet of hot-stamped steel 214 adjacent to the
sheet of galvanneal steel 212 at each of the spots 224.

At block 306, the method 300 may include placing at least
one metal foi1l on a third sheet. In an aspect, a strip of metal
fo1l 232 may be placed on an outer surface of the sheet of
aluminum 216 opposite each of the plurality of relief sec-
tions 222a, 2226 of the sheet of hot-stamped steel 214.

At block 308, the method 300 may include vaporizing the
at least one metal foil to project at least one portion of the
third sheet through the second sheet to the first sheet. In an
aspect, each strip of metal foi1l 232 may be vaporized to
project at least one portion of the sheet of aluminum 216
through the sheet of hot-stamped steel 214 to the sheet of
galvannel steel 212. In an aspect, each strip of metal 232
may be vaporized by passing a high current of electricity
(e.g., on the order of 4-10 kJ) through each of the metal foils
232. When metal foils 232 are vaporized, reaction forces
may be directed toward the sheet of aluminum 216 and a
portion of the sheet of alumimnum 216 may be projected
through each of the relief sections 222a, 2225 of the sheet
ol hot-stamped steel 214 and into the sheet of galvanneal
steel 212 to foam a weld between an nner surface of the
sheet of aluminum 216 and the inner surface of the sheet of
galvanneal steel 212.

Referring to FIG. 4, an exemplary result 400 of the
method 300 (FIG. 3) 1s illustrated. As described above, 1n an
aspect, the sheet of hot-stamped steel 214 may be resistively
spot welded to the sheet of galvanneal steel 212 at spots
224a, 224b, 224c¢. Moreover, 1n an aspect, each of the metal
to1ls 232 (FIG. 2) may be vaporized to project portions of the
sheet of aluminum 216 through reliet sections 402, 404 (sce
¢.g., relief sections 222a, 2225 (FI1G. 2)). As a result of the
projection, the sheet of aluminum 216 may be welded to the
sheet of galvanneal steel 212 1n the relief sections 402, 404.

It 1s to be appreciated that the alternation of welds at spots
224a, 2245, 224¢ and welds 1n the reliet sections 402, 404

forms a mechanical interlock suitable for structural use.

Turning now to FIG. 5 and FIG. 6, an exemplary vapor-
1zing foil actuator welding (VFAW) method 500 1s described
according to various aspects. In an aspect, the sheet of
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aluminum 616 and the sheet of galvanneal steel 612 may be
welded together without using a spacer (e.g., sheet of
hot-stamped steel 214 (FIG. 1)) 1n between the sheets 612,
616. In an aspect, method 500 may include, at block 502,
removing a zinc (Zn) coating of the galvanneal steel 612.
For example, the Zn coating of the galvanneal steel 612 may
be removed mechanically by, for example, laser ablation.
Alternatively, or additionally, at block 502, method 300 may
include cladding the aluminum 616 may with a transition
material. In an aspect, the method 500 may include, at block
504, raising at least one portion of a first sheet at an angle.
For example, in an aspect, at least one hinge or raised
portion may be formed i the sheet of aluminum 616. The
raised portion may extend upwardly from the edge of the
sheet of aluminum 616 at an angle such as, but not limited
to, 10 to 30 degrees.

At block 506, the method 500 may 1nclude placing at least
one metal foil on the at least one raised portion of the first
sheet. For example, in an aspect, a strip of metal foil 604

may be placed on an outer surface of each raised portion of
the sheet of aluminum 616.

At block 508, the method 500 may include vaporizing the
at least one metal foil to project the at least one raised
portion of the first sheet onto a second sheet. For example,
in an aspect, the metal fo1l 604 may be vaporized to project
a portion of the raised portion of the sheet of aluminum 616
to the sheet of galvanneal steel 612 such that a weld 602 1s
formed between an i1nner surface of the sheet of aluminum
616 and an 1nner surface of the sheet of galvanneal steel 612.
In this case, the weld may extend all the way to the edge of
the sheet of galvanneal steel 612. Moreover, 1t 1s to be
appreciated that forming the raised portion allows for a more
consistent weld (e.g., no “donut” shape) between the sheets
612, 616.

The methods and corresponding apparatus have been
described such that a stack of sheets of diflerent matenals
having two or more individual sheets can be reliably welded.
The described methods and apparatus allow for an eco-
nomic, tlexible, and eflicient welding solution that does not
require the cost or imnconvenience associated with utilizing a
specialized welding device and/or with replacing most exist-
ing welding equipment.

The foregoing description of embodiments and examples
has been presented for purposes of illustration and descrip-
tion. It 1s not intended to be exhaustive or limiting to the
forms described. Numerous modifications are possible 1n
light of the above teachings. Some of those modifications
have been discussed and others will be understood by those
skilled 1n the art. The embodiments were chosen and
described for 1llustration of various embodiments. The scope
1s, of course, not limited to the examples or embodiments set
forth herein, but can be employed 1n any number of appli-
cations and equivalent devices by those of ordinary skill 1in
the art. Rather, 1t 1s hereby intended the scope be defined by
the claams appended hereto. Additionally, the features of
various 1mplementing embodiments may be combined to
form further embodiments of the disclosure.

What 1s claimed 1s:

1. A method of performing welding, the method compris-
ng:

applying a current to a stack of sheets to resistively spot

weld a first sheet of the stack of sheets to a second sheet
of the stack of sheets, wherein the second sheet 1s a
unmitary vehicle structural component and includes at
least two cut out sections, wherein applying the current
to the stack of sheets comprises forming at least two
spot welds between the first sheet and the second sheet;
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placing at least one metal o1l on a first side of a third sheet

of the stack of sheets; and

vaporizing the at least one metal fo1l to project at least two

portions of the third sheet through the at least two cut
out sections of the second sheet to the first sheet to form
welds between the first sheet and the third sheet,
wherein the second sheet remains welded to the first
sheet, and wherein the at least two spot welds alternate
with the welds through the cut out sections to form a
mechanical interlock between the first sheet, the second
sheet, and the third sheet.

2. The method of claim 1, further comprising at least one
of:

removing a {irst coating from the first sheet;

removing a second coating from the second sheet; or

cladding the third sheet with a transition materal.

3. The method of claim 1, wherein applying the current
further comprises:

applying the current to the stack of sheets to resistively

spot weld a first side of the first sheet to a first side of
the second sheet.

4. The method of claim 1, wherein vaporizing the at least
one metal foi1l further comprises:

forming the weld between the first side of the third sheet

and a second side of the first sheet.
5. The method of claim 1, further comprising positioning
one of the at least two cut out sections of the second sheet
at an edge of the second sheet.
6. A method of performing welding, the method compris-
ng:
applying a current to a stack of sheets to resistively spot
weld a first sheet of the stack of sheets to a second sheet
of the stack of sheets, wherein the second sheet 1s a
unitary vehicle structural component and includes at
least two cut out sections, wherein applying the current
to the stack of sheets comprises forming at least two
spot welds between the first sheet and the second sheet;

placing at least one metal o1l on a first side of a third sheet
of the stack of sheets, wherein the third sheet 1s clad
with a transition material; and

vaporizing the at least one metal fo1l to project at least two

portions of the third sheet through the at least two cut
out sections of the second sheet to the first sheet to form
welds between the first sheet and the third sheet,
wherein the second sheet remains welded to the first
sheet, and wherein the at least two spot welds alternate
with the welds through the cut out sections to form a
mechanical interlock between the first sheet, the second
sheet, and the third sheet.

7. The method of claim 6, further comprising at least one
of:

removing a first coating from the first sheet; or

removing a second coating from the second sheet.

8. The method of claim 6, wherein applying the current
further comprises:

applying the current to the stack of sheets to resistively

spot weld a first side of the first sheet to a first side of
the second sheet.

9. The method of claim 6, wherein vaporizing the at least
one metal fo1l further comprises:

forming the weld between the first side of the third sheet

and a second side of the first sheet.

10. The method of claim 6, further comprising positioning
the at least one cut out section of the second sheet at an edge
of the second sheet.
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11. A vaporized foil actuator welding (VFAW) part, the
part comprising;:
a first sheet of a stack of sheets resistively spot welded to
a second sheet of the stack of sheets at a plurality of
weld spots, wherein the second sheet 1s a unitary 5
vehicle structural component and includes a plurality of

cut out sections; and
a third sheet of the stack of sheets welded to the first sheet

through the plurality of cut out sections, wherein an
alternation of the weld spots and welds 1n the plurality 10
of cut out sections form a mechanical interlock.

12. The part of claim 11, wherein:

the first sheet comprises a first type of steel,

the second sheet comprises a second type of steel, and

the third sheet comprises aluminum. 15

3. The part of claim 12, wherein:

the first type of steel 1s a galvanneal steel, and

the second type of steel 1s a hot-stamped steel.

G e x Gx ex
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